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RESEARCH MEMORANDUM

A CORRELATION BY MEANS OF TRANSONIC SIMILARITY RULES
OF THE EXPERIMENTALLY DETERMINED CHARACTERISTICS
OF 18 CAMBERED WINGS OF RECTANGULAR PLAN FORM

By John B. McDevitt
SUMMARY

The effects of one type of camber on the aerodynamic character-
isties of rectangular wings have been studied by correlating the experi-
mental data for a series of related wings by means of the transonic
similarity rules. The experimental data were obtained by use of a
transonic bump over a Mach number range from 0.60 to 1.10, with corre-
sponding Reynolds numbers from 1.70 to 2.05 million. The wing models
were rectangular in plan form; had NACA 63A2XX and 63A4XX sections;
thickness-to-chord ratios of 0.0k, 0.06, and 0.08; and aspect ratios
of 1, 1.5, 2, 3, and 4. The results of a previously published corre-
lation study for similar wings having symmetrical profiles, NACA 63A0XX
sections, have been included in this report and are used as a basis for
comparing the effects of changes in camber.

The results of this correlation study indicate that the subsonic
and transonic characteristics of cambered, rectangular wings of moderate
to low aspect ratio vary smoothly with changes in profile camber and
camber-to-thickness ratio. By use of the transonic similarity rules the
experimental data for a wide range of Mach numbers and wing geometric
variables have been presented in the form of a few concise figures which
correlate the subsonic and transonic characteristics of rectangular wings
having NACA 63AXXX airfoils with a = 0.8 mean lines.

INTRODUCTION

The transonic bumb of the Ames 16-foot high-speed wind tunnel has
been used for a survey of the effects of aspect ratio, thickness, and
camber for wings of rectangular plan form at high subsonic and transonic

speeds.
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The first part of this experimental survey covered a systematic
variation of wing thickness and aspect ratio. The data for this portion
of the survey have been published in reference 1 and an analysis, by
application of the transonic similarity rules, has been published in
reference 2. The next part of this survey was conducted to determine
the effects of one type of camber on the transonic characteristics of
rectangular wings. The data for the cambered-wing series are given in
reference 3, and an analysis of some of these data will be made in this
report.

As in reference 2, the present analysis will make extensive use of
the transonic similarity rules, references 4 to 9. These rules of flow
correspondence are particularly useful since they provide a unified
method of data presentation which is applicable at all speeds.

NOTATION

A aspect ratioc, E
b wing span
c wing chord
Cp total drag coefficient, Egﬁiégéféé
CDint interc?pt drgg coefficient for a linear variation of

Cp with C1® (See sketch (b).)
(CDP) intercept pressure-drag coefficient for a linear variation

int  of cp with C12 (See sketch (b).)

ACD drag coefficient due to 1lift, Cp - CDint
cr 1ift coefficient, ligt
Ct, optimum 1ift coeffizient (1ift coefficient for maximum lift-
opt drag ratio)
Cp pitching-moment coefficient, referred to 0.25 c, pitchizgcmoment
Cp pressure coefficient
h camber, maximum displacement of profile mean line from chord

line (See sketch (a).)

i

camber-to-thickness ratio

i
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(.L.> maximum lift-drag ratio
D max
M

free-gtream Mach number

q dynamic pressure

S wing area

f thickness-to-chord ratio

a angle of attack

ag angle of attack for zero 1lift

y ratio of specific heats (for air 7 = 1.4)

(3) center of 1lift, measured in percent of chord from the wing
¢/c.L. leading edge (See egs. (17) and (18).)

T ordinate~-amplitude parameter

%%%, CLa slope of 1lift curve

%g% slope of pitching-moment curve

TEST PROCEDURE AND DESCRIPTION OF MODELS

The experimental data for the symmetrical wings (ref. 1) and for
the cambered wings (ref. 3) were obtained by identical testing procedures.
The semispan wing models were mounted in the high-velocity field of a
bump in the Ames 16-foot high-speed wind tunnel. The streamlines of the
flow over the bump were slightly curved, and there were Mach number
gradients in the plane of the wing. Typical Mach number contours are
presented in references 1 and 3. The gradients were most pronounced at
the higher Mach numbers and had the greatest effect for the larger aspect
ratios. The precise effects of the nonuniformity of the flow field are,
in general, unknown, but some rounding off of any sharp breaks in the
force and moment variation with Mach number can be expected.

The wings tested were rectangular in plan form with NACA 63A-series
sections (figs. 1 and 2). The cambered wings had NACA 63A2XX and 63A4XX
sections with an a = 0.8 (modified) mean line. (A discussion of this
modified mean line is given in ref. 10.) The cambered-wing data were
obtained for a Mach number range from 0.60 to 1.10, which corresponded
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to a Reynolds number range from 1.70 to 2.05 million. A more complete "
description of the wing models and the testing procedure is given in
references 1 and 3.

DATA CORRELATION

The data correlation will be made according to the same simplified
form of the transonic similarity rule as used in reference 2,

Cp _ Mz-l t 1/3 a h’ pd z
= [(*C/c)z/"’A <E> Pt ] b] (L)

where the ordinate-amplitude parameter T may be replaced by a, t/c,
or h/c, as best suits the particular problem at hand. The variations
between Mach number, aspect ratio, and thickness ratio implied by the
constancy of the two similarity parameters (Me-l)/(t/c)z/3 and A(t/c)l/8
are shown in figure 3.

In order that the transonic similarity rules can be used in the data
analysis, the wings have been grouped into families according to the
value of the camber-to-thickness ratio h/t. The camber parameter h
represents the amount of camber and is defined as the maximum displace-
ment of the mean line from the chord line (see sketch (a)).

mean line

chord line

_—,L/A_

L ——-f:::;EEEiII-.
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Sketch (a).- Wing-profile nomenclature.

Not all the cambered wings tested (ref. 3) have been used for the
correlation study of this report. Profiles having h/t ratios greater
than 0.5, for which the lower surfaces are concave along a major portion
of the chord, were excluded from consideration. Also excluded from con-
sideration were those wings having thickness-to-chord ratios of 0.02
and 0.10 since it was known from the previous correlation study of the
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symmetrical wings (ref. 2) that these thicknesses do not fit well into
the correlation scheme. For very thin wings the boundary layer is
known to constitute an appreciable part of the effective wing thickness,
while for wings of large thickness the simplified potential equation
from which the similarity rules are obtained is apparently not adequate.

The cambered wings chosen for the data correlation have been grouped

into three families for which the camber-to-thickness ratios h/t

are 0.222, 0.333, and O.kkl, These airfoils are listed in the following
table:

NACA t/c

b/t | profile

h/c Aspect ratios

0,222 638206 | 0.06 | 0.0133 | 4, 3, 2, 1.5, 1

63a20h | o4 | .0133 | 4, 3, 2, 1.5, 1
63A408 | .08 | .0266 4, 2, 1

333

R 63A406 .06 LO266 | &, 3,2, 1.5, 1

The results of the symmetrical-wing correlation (h/t 0) in
reference 2 are also presented in this report and are used as a basis
for determining the effects of this type of camber on the transonic
characteristics of rectangular wings.

Lift

The 1ift correlation is presented as separate studies of the 1lift-
curve slope and of the displacement of the lift curve due to the
presence of camber. For the wings considered in this report, the

variation of 1ift coefficient with angle of attack is essentially linear

at moderate angles of attack throughout the Mach number range, hence, it
is convenient to assume a linear variation of Cp, with a and to use in
the data correlation the following generalized expression for lift-curve
slope (see ref. 2):

<§)1/3%= [(1:/ )2/ ()l/a h]

CL~a,

-
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The displacement of the 1ift curve can be studied by use of either
the generalized expression for the angle of attack for zero 1lift

oy M2-1 £\ /2 h:l
Do, | MLt b (3)
h/c l:(t/c)z/s’ <c> g
or the generalized expression for the 1lift coefficient at zero angle of
attack
1/3 - 1/3
E\P Cllgeo _p [MEL 4(e\'/°, B (x)
c h/c (t/c)2/® c t

Angle of attack for zero lift.- The variation of the angle of attack
for zero lift, a,, with Mach number is presented in figure 4, and the
correlation of these data for constant values of (M?-1)/(t/c)2/3 is
presented in figure 5. It should be recognized that the angle of attack
for zero lift is particularly sensitive to model construction details,
tunnel flow characteristics and the accuracy of measurements, making
this a difficult parameter to correlate.

Since the parameter ao/(h/c) did not show a systematic dependence
on the value of the camber-to-thickness ratio h/t, all the wings of the
various camber-to-thickness families have been grouped together in the
correlation and a single curve has been drawn through the data points.
The correlation is cross-plotted for constant values of A(t/c)l/8 in
figure 6.

For Mach numbers less than the critical (which occurs in the
neighborhood of (M2-1)/(t/c)®/3 = -2) the angle of attack for zero 1ift
shows little change with changes in Mach number, and the experimental
values of o« for wings of large aspect ratio are closely predicted by
two-dimensional flow theory.l When the critical Mach number is exceeded,
the changes occurring with increasing Mach number are sudden and quite
large for all but the very low aspect ratios which are characteristically
insensitive to changes in the Mach number.

Lift-curve slope.~ The variation of the lift-curve slope, evaluated
at a = O, with Mach number is presented in figure 7, and the correlation
of the generalized lift-curve slope (t/c)1/3 (aCr/da), = o for constant

(M.e-l)/(t/c)z/3 is presented in figure 8. The correlation is presented
gseparately for each camber-to~thickness family since the lift-curve slope
appeared to depend on the camber-to-thickness ratio at transonic speeds
for wings of large aspect ratio.

1The theoretical value shown in figures 4, 5, and 6 was calculated by use
of the a = 0.8 (modified) mean-line data of figure 3, reference 10,
and equation (16) of reference 11.

c .
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In figure 8 the experimental data for subsonic speeds are compared
with the Weissinger lifting-line theory (ref. 12), and at supersonic
speeds a comparison is made with slender-wing theory (refs. 13 and 14).
At M =1 both theories give the same result

C =1‘-Aq, .
L=3 (5)

or, in the similarity scheme,

O 229"

At M =1 the experimental data for the symmetrical profiles are in
good agreement with equation (6) for values of A(t/c)1/3 1less than
asbout 1, and for the cambered profiles the agreement extends over a
considerably larger range of A(t/c)l/3 values.

The correlation is cross-plotted in figure 9 for constant values of
h/t and A(t/c) 1/3, Camber has no appreciable effect on the lift-curve
slope at subcritical speeds nor for the wings of low aspect ratio
(A(t/c) /3 1ess than about 1) at transonic speeds. For wings of larger
agpect ratio at transonic speeds the lift-curve slope appeared to
increase with increasing h/t.

Drag

Whenever possible it is convenient to separate the drag coefficient
into components of friction drag, minimum pressure drag, and drag due to
1lift,

¢p = Cpg + (Cpp)_y,, + &0p (7)

For wings having symmetrical profiles it is often assumed that the
friction drag at transonic speeds can be approximated by the minimum
drag at some subcritical Mach number, say at 0.7. The friction drag,
however, cannot be correlated by application of the transonic similarity
rules,

When the wing is cambered it is difficult to separate the drag into
components according to equation (7); in particular, it is difficult to
obtain a minimum pressure drag which is free from induced drag effects.

A drag analysis of cambered-wing data is complicated further by the

large changes in viscous effects which may occur as the 1ift changes from
positive to negative. These viscous effectis must be separated from the
pressure drag if the transonic slimilarity rule is to be applied. One
way, which is based on a number of approximations, to separate the
viscous effects from the pressure drag is the following:

S
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Linear variations of Cp with CL2 and Cy, with o« are assumed and
the drag data at very small 1ift coefficients and at 1lift coefficients
greater than the optimum are ignored. The drag components are then
defined according to the following sketch:

CLFA. "

straight-line

approximation —\

y i

\ £
‘_(CDint{hm"' (CDP)int

e—— Cp,

Sketch (b).- Drag nomenclature.

A straight line is drawn as far as possible through the Cp vs CL2
data points and the intercept of this straight line with the zero-lift
axis is then used to define an intercept drag coefficient CDint The
intercept pressure drag is defined as

(CDP)int = CDint - (CDint)M = 0.7 (8)
and the slope of the straight-line approximation ACD/CI? will be used
in the data correlation as a measure of the drag due to 1lift.

The intercept drag coefficient Cp;, ¢, 88 defined here, is a fic-
titious minimum-drag coefficient and the actual minimum-drag coefficient
is somewhat higher. However, this method of analysis has been found to
give a good correlation of the experimental data, except in the vicinity
of the critical Mach number, when the similarity parameters are used.

A comparison of the cambered-wing data with the symmetrical-wing data
has indicated a smooth dependence of the intercept pressure drag and
the drag due to 1ift on the value of the camber-to-thickness ratio h/t.

The experimental drag data for the cambered wings being studied in
this report are presented in figure 10 in the form Cp versus CL

.
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The straight-line approximations extend in all cases at least up to
the 11ft coefficient for (L/D)psy. The variation of Cp, . with Mach
number for these wings is presented in figure 11.

Intercept drag at 0.7 Mach number.- Before the correlation of the
intercept pressure drag can be made, it is necessary to evaluate the
subcritical intercept drag (at 0.7 Mach number) for use in equation (8).
The variation of (cDint)M o7 with camber ratio is shown in figure 12.

(The suberitical intercept drag for cambered wings may be thought of as
corresponding to the friction drag of symmetrical wings.)

Intercept pressure drag.- The intercept pressure drag, equation (8),
can be correlated by use of the similarity rule

00 i [ P2 A (E)l’s, b (9)
(t/c)s/s (t/c)a/s c t

The correlation is presented in figure 13 and compared with the results
of the symmetrical-wing-data correlation (dashed lines) of reference 2.
The transonic similarity rule, at least in the simplified form used here,
does not correlate accurately the initial (subsonic) drag rise but the
correlation is good near M = 1 where the drag rise is greatest.2

The correlation indicates that the intercept pressure drag increased
smoothly with increasing camber-to-thickness ratio. For moderate aspect

2In the literature concerning transonic flow theory various forms of the
similarity rules have been given (refs. 4 to 9). All are equivalent
at a Mach number of 1 but differ slightly at the nonsonic Mach numbers
according to the assumptions made in obtaining the fundamental equa-
tions. A form of the similarity rule which can be expected to give a
better correlation of experimental data in the vicinity of the ecritical
Mach number is (ref. 4)

1/3
[(7+1)M2 ]1/3 Cp =P M1 s A }:(7-’-1)Mz E J ) '7.")
1-2/3 [(7+l)ﬁ t/C ]2/3 c t/c

=

T~ =y =y @
C

The simplified form used in this report, (eq. (1)) has certain advan-
tages, however, not only because of the relative simplicity of the
invariants but because the particular invariant A(t/c)1 8 contains
only geometric parameters.
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ratios the increase in drag coefficient is roughly proportional to the
camber ratio squared. As the aspect ratio becomes very small, the
camber effect tends to disappear, while for very large aspect ratios
the generalized coefficients (CDP)int/(t/c)s/s apparently approach

constant values which increase with increasing h/t. Data, however,
were not available for sufficiently large aspect ratios to assess
accurately the camber effect for two-dimensional flow.

This correlation is cross-plotted in figure 1k for constant values
of A(t/c)/® and h/t. The region of poor correlation at the start of
the drag rise is indicated by dashed lines. When the wings were sym-
metrical in profile, the drag rise started at very nearly the same value
of the speed parameter (M®-1)/(t/c)2/%, that is, a decrease in the
aspect ratio caused only a slight delay in the start of the drag rise.
However, for increased camber-to-thickness ratio the drag rise started
at a much lower Mach number and the aspect-ratio effect was pronounced.

—

Drag due to 1ift.- The drag-due-to-1ift parameter ACp/CrZ is
evaluated from the slopes of the straight-line approximations (solid
lines) of the Cp vs C1? curves of figure 10. The variation of
ACD/CL‘2 with Mach number is shown in figure 15, and these data have
been correlated in figure 16 according to the similarity rule

(z)’l’a KD o [ ML A(}z)l’s n
c cr2 [(t/c)2/3’ c ? t}

CL"'C(,

' (10)

Aoy ~ CiZ J

and the results of this correlation are cross-plotted in figure 17.

The dashed lines in figure 16 represent the limits for drag with
full leading-edge suction and drag with no leading-edge suction. The
theoretical drag due to lift with full leading-edge suction is (when an
elliptical spanwise variation of loading is assumed)

02
Ap = -& (11)
A
and for no leading-edge suction the following approximate relationship
can be used:

XD = Ca (12)

Sy
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In terms of the similarity parameters these equations become

4 -1/3 ACD _ 5
<°> cr2  nA(t/c)i/s (13)

t -1/3 AXp ) 1
( c> cr® (t/c)l/a dCy,/da (14)

Numerical values for (t/c)l/SCLa are presented in figure 9.

The concept of a leading-edge force is not easily adapted to a
discussion of experimental data because of the many factors involved.
In addition to the changes in flow separation and in the boundary-layer
development with changing angle of attack, there are other factors such
as the interaction of shock waves with the boundary layer that lead to
departures of the drag polars from the parabolic shape. However, equa-
tions (13) and (14) are helpful in evaluating the effects of changes in
Mach number, aspect ratio, thickness ratio, and camber ratio.

As evidenced by the correlation shown in figure 16, the drag due to
1lift seems to decrease consistently with increasing camber-to-thickness
ratio throughout the entire Mach number range for the wings of moderate
to low aspect ratio (A(t/c) 1/8  jess than about 1.5).

Moment

The pitching-moment characteristics are analyzed in two parts: the
evaluation of pitching moment at zero angle of attack, or at zero 1lift,
and the variation of pitching moment with angle of attack.

Pitching moment for zero angle of attack.- The variation of
pitching-moment coefficient with Mach number for zero angle of attack is

shown in figure 18. The correlation of this data according to the simi-
larity rule

QL;}:—/S- (Ca) o = Mo [ (t/c)g/a < )l/s h] (15)

is presented in fi e 19 and the results are cross-plotted for constant
values of A(t/c)/® in figure 20.

S
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Throughout the correlation the generalized parameter
(/2 (e

h/c M/ q=0

ratio h/t. Therefore, the zero-angle-of-attack moment (Cm)a=o can be

is essentially independent of the camber-to-thickness

considered to be linearly proportional to the camber ratio h/c through-
out the speed range. The variation of (Cp),_, Wwith changes in aspect
ratio and Mach number is pronounced, in particular, the wings of large
aspect ratio undergo large moment changes on entering the transonic

speed range.

Pitching moment for zero 1lift.- The pitching moment for zero lift
is considered to be a couple. The correlation of the data for the
generalized pitching-moment coefficient is presented in figures 21
and 22. The results here are essentially the same as those discussed in
the previous section.

Pitching-moment-curve slope.- The moment-curve slope is expressed
symbolically in the similarity scheme as

& w1 (3) i i 59

Because the variation of pitching moment with 1ift is nonlinear except
for wings of large aspect ratio, the following correlation has been made
for several constant values of a/(t/c).

The variation of dCp/dCy with Mach number for o/(t/c) = is
presented in figure 23 and the corresponding correlation in figure 2&
Curves for constant A(t/c)/® are shown in figure 25 for a/(t/c) =
and for o/(t/c) = 1 and 2.

The effects of Mach number on the moment-curve slope are pronounced
for these wings of rectangular plan form, except, of course, those wings
of very low aspect ratio which are relatively insensitive to Mach number
changes. For all wings except those of very low aspect ratio, de/dCL
changed from a slightly positive value at suberitical speeds to a large
negative value at transonic speeds.

Center-of-1ift travel.- The trim changes associated with flight
into the transonic speed range depend on changes in the zero-1ift
moment and on changes in the additional moment that occur for finite
1ift. The changes in the zero-1lift moment have been discussed pre-
viously. The trim changes occurring at finite 1ift are most easily
evaluated by studying the position of the wing center of 1ift at various

speeds.
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The center of 1ift is defined by the equation

AL
X = 0.05 — —2 1
( ¢ )C.L. Cr (an

The moment is referred to the quarter point of the chord, the center of
1ift is measured from the wing leading edge and given in percent of
chord, and the moment due to 1ift is defined as

Xy =Cnm - (Cm)cL (18)

= 0
Cross plots indicating the center-of-1lift travel are presented in
figure 26. The center of 1lift is shown to move progressively toward the
leading edge as the aspect ratio goes to zero. This is in agreement
with the various low-aspect-ratio theories which find the center of
pressure located at the leading edge for rectangular plan forms. When
the aspect ratio is large (greater than about 3) the center of 1ift is
near the quarter point of the chord at subcritical speeds but moves
rapidly rearward toward midchord at transonic speeds. By increasing
the camber-to-thickness ratio h/t, this rearward movement of the center
of 1ift at supercritical speeds is increased further.

Maximum Lift-Drag Ratio and Optimum Lift Coefficient

Maximum lift-drag ratio.- The variation of the maximum lift-drag
ratio with Mach number is shown in figure 27 for the symmetrical and
cambered wings having aspect ratios from 1 to 4. Some understanding of
the variations of (L/D)max with changes in aspect ratio, thickness
ratio, and camber ratio can be obtained by the help of the equation

1

L
(5.
max 2/[0131,. + (CDP)min} —g—CL—g

(19)

where it has been assumed that ACp varies linearly with CL?. In
terms of the transonic similarity parameters and the quantities intro-
duced in sketch (b), this equation becomes
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L _ 1
(5 e (0)
Lt (€Dint)y0.7 . (Cop) st (3)’1/3 &p
c (t/c)s/a (t/c)s/s c CI?

Because the subcritical intercept drag cannot be taken into the
gimilarity scheme, a generalized expression for (L/D)max cannot be
obtained. However, the results of previous correlations for intercept
pressure drag and drag due to 1lift can be used to obtain an indication
of the expected variations of (L/D)pax for changes in aspect ratio,
thickness ratio, and camber ratio. The following discussion is
restricted to near-sonic values of the Mach number.

The correlation for the symmetrical wings (ref. 2) at near-sonic
Mach numbers shows that for decreasing aspect ratios, the drag-due-to-
1ift parameter (t/c)'l/s (XCp/CI?) increases in nearly the same manner
as the minimum pressure-drag parameter (CDP)min/(t/c)5/8 decreases SO

that the maximum 1ift-drag ratio is relatively insensitive to aspect-
ratio changes but tends toward an inverse variation with the thickness
ratio (see eq. (20)).

An inspection of the data for the cambered-wing correlation in this
report at near-sonic gpeeds shows that for increasing camber-to-thickness
ratio, the drag due to 1lift decreases while the intercept pressure drag
increases. Because of the opposite effect of these two variations, it
could/be expected that (L/D)p,y Wwould not change greatly with changes
in h/t.

Although the similarity rule does not apply, it is instructive to
present the maximum lift-drag data in terms of the camber-to-thickness
ratio h/t. This has been done in figure 28 for the sonic value of the
free-stream Mach number. For wings of moderately low aspect ratio
(aspect ratios from about 1 to about 3), the effect of adding a small
amount of camber is to increase slightly the maximum lift-drag ratio.
It is difficult to say what value of h/t is optimum but, apparently
(excluding the very thin wing, t/c = 0.02, for which the boundary layer
is a significant part of the wing effective thickness), the optimum
occurs near h/t = 0.25 with the most beneficial effect for aspect
ratios near 2.

Optimum 1ift coefficient.- The variation of the optimum 1ift coef-

ficient, Cy for (L/D)max, with Mach number is shown in figure 29. If a
linear variation of ACp with CL2 is assumed, the optimum 1lift coef-

ficient is given by
C
u:
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CDf + (CDP)min
C =
Fopt Nop/cr?

(21)

or, in terms of the similarity parameters and the drag nomemclature of
sketch (b),

(CDint)M=o.7 + (CDP)int

6 - <§>2’3 (t/e)3/°  (t/e)5/? (22)
opt c (t/c)-l/s éEP
CL2

By inspection of equation (22) it is readily seen that by increasing
any of the parameters, aspect ratio, thickness ratio, or camber-to-
thickness ratio, an increase in CLopt can be expected. The experimental

evidence indicates that the most pronounced changes occur at transonic
speeds where the minimum drag changes are large.

CONCLUDING REMARKS

It was found that the camber effects at transonic speeds for
rectangular plan forms can, in most cases, be correlated successfully
with the help of the transonic similarity rules. By use of the
transonic similarity rules the experimental data for a wide range of
Mach numbers and wing geometric variables have been presented in the
form of a few concise figures which correlate the subsonic and transonic
characteristics of rectangular wings having NACA 63A-series sections
with a = 0.8 mean lines.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., July 31, 1953

REFERENCES

1l. Nelson, Warren H., and McDevitt, John B.,: The Transonic Character-
istics of 17 Rectangular, Symmetrical Wing Models of Varying Aspect
Ratio and Thickness. NACA RM A51A12, 1951.

-l



16

10.

11.

12.

13.

1k,

NACA RM A53G31

McDevitt, John B.: A Correlation by Means of the Transonic Simi-
larity Rules of the Experimentally Determined Characteristics
of 22 Rectangular Wings of Symmetrical Profile. NACA RM A51L17b,
1952,

Nelson, Warren H., and Krumm, Walter J.: The Transonic Character-
istics of 38 Cambered Rectangular Wings of Varying Aspect Ratio
and Thickness as Determined by the Transonic-Bump Technique.
NACA RM A52Dil, 1952.

Busemann, Adolf: Application of Transonic Similarity.
NACA TN 2687, 1952.

von Kérmén, Theodore: The Similarity Law of Transonic Flow. Jour.
Math. and Phys., vol. XXVI, no. 3, Oct. 1947, pp. 182-190.

Spreiter, John R.: Similarity Laws for Transonic Flow About Wings
of Finite Span. NACA TN 2273, 1951.

Spreiter, John R.: On the Application of Transonic Similarity
Rules. NACA TN 2726, 1952.

Berndt, Sune B.: Similarity Laws for Transonic Flow Around Wings
of Finite Aspect Ratio. Kungl. Tekniska Hogskolan. Tech. Note 1k,
Stockholm, Sweden, 1950.

Harder, Keith C.: Transonic Similarity Rules for Lifting Wings.
NACA TN 272k, 1952.

Loftin, Laurence K., Jr.: Theoretical and Experimental Data for a
Number of NACA 6A-Series Airfoil Sections. NACA Rep. 903, 1948.

Abbott, Ira H,., von Doenhoff, Albert E., and Stivers, Louis S., Jr.:
Summary of Airfoil Data. NACA Rep. 824, 1945.

DeYoung, John, and Harper, Charles W.: Theoretical Symmetric Span
Ioading at Subsonic Speeds for Wings Having Arbitrary Plan Form.
NACA Rep. 921, 1950.

Jones, Robert T.: Properties of Low-Aspect-Ratio Pointed Wings at
Speeds Below and Above the Speed of Sound. NACA Rep. 835, 19#6;
(Formerly NACA TN 1032)

Lomax, Harvard, and Sluder, Loma: Chordwise and Compressibility
Corrections to Slender-Wing Theory. NACA TN 2295, 1951.




3Q

NACA RM A53G31 —

Bump surface - 0.229 ___|

. _—Fence ]
—~0.0/6

0.50

fe———————— 0.667

% | \__/

075 -
— 1.00
° Aspect |Semispan,|Area of semispan, Note:
ratio feet square feet All dimensions in feel.
. / 0.25 0.125 SRR
1.5 375 1875
2 .50 .250
3 .75 375
4 1.00 .500

Figure [.-Dimensions and plan forms of the model/.



18 o* NACA RM A53G31
— ——

NACA 634206; ', 0.222

NAcA 634204; %y, 0.333

— T

NACA 634408; 'y, 0.333

— e

NACA 63A406; 1, 0.444

Figure 2.—Profile of the wings.




"S49j0wo40d A}140[1Wils o1uosupns} 8yl -¢ 84nbi4

o gs2(4) .
.ﬂ JUDJSUOIO 10) 19qUNU YIoDp SNSI8A 0O1JD] SSUYIIY] \Q\
GoeT e a o or e cm.wsénfu;m. s »
A/INANNN
2/ HIITTWANNY
SN
AEmITINARIN
2TAIINIINRRY
// [ L HAVAN
agan JAWAN N
yANini| \L N\
[ 1] \ \
AR AN
L] |\ N
JAVAN NN A \
aarinn \[ N 91—
) ani , N
A / / , A
< 1 #\ J .\ 7. / \ cral/4) =
B9 y | £ |28 & 0 e 4 S0m)3 £ T3]
anim R AV RN
- [11 L] N\

10°

2o’

£0°

0O’

(77}

90

20°

8o’

60’

or

9/1 ‘01404 SSdUYIIYY



‘papn)ouoy ~¢ 84nbio

‘el JuDjSU0I 40) 01JD4 SSBUNIIY) SNSI9A O1}jDd Joadsy (q)

NACA RM A53G31

% o/4 ‘01lD4 SSBUYIIYY
el " or 60 8o’ 20’ 90 s0° »O’ g0’ eo’ 10° o 0
)
| ‘I/// \
— | N
l/
l_///' Z/f /
e— ey
T // // £ o
// —
] / o
// / /V/// / lm.
R N NE NAA
/// //// // ™ / / / 9
r/// /l//r // /
//// ,// / ,
r//// N /// /, \ /




NACA RM A53G3l

a,, deg

Angle of attack for zero Iift,

-3

-2 |

‘
N

{
~

Qo

|
[¥Y]

1
N

]
~

o

Mach number, M

A
~ /
< 45\
e N
N
N
634206; h/t, 0.222 o4
1 | 1 :
A
4'/_ 7/ =~
< ma— ? -
N N S -
63A4204; h/t, 0.333 - .
| |
7
A
TN B B
Two-dimensional- \ \
flow theory N
AN o
AN
63A4408; h/t, 0.333 \\ 2
1 | |
A
\——'—"—J—i /
] g
i /
| =1 \\,
\\ K ‘o\\
L e O \ e \
\\\ T
\\\ F
™«
63A406; h/t, 0.444
| ] | .W
6 .7 .8 .9 1.0 L/

Figure 4.—The variation of the angle of attack for zero lift with

B

Mach number.

21



22 — NACA RM A53G31

-3 [od
2g b e 2re% a
) [ra o ~ oD G 4g¢ o b ST%—id¢
2 i > %—— D & [
Two-dimensional-
flow theory 634206
-/ e A a4
-7 _ -3 _2 [N 3
(1/c)¥3’ [ 2
o o LS5
i o /
_% o 634204
. et ) D> A4
< 9P 9l v J
8 -2 >V v 2
3 D /5
\‘ o] /
. Q_ / . 634408
K - _ v A4
© ey ! 9 2
0 o/
5 634406
- - '(8 q Al 4
‘(té’. : 5 o‘ A4 3
D a 2
2 - a 15
T \ o
2
-/ S i)
M-/ 0.5 \ﬂ\k . / vl
(f/c)t/.v ’ —
7
0 / 2 0 / v‘m 2
/ 2
Alt/c)'?
Figure 5.—Correlation of the generalized angle of attack for zero lift.
-4
Alt/c)”3
-3 25
© <_\ ’
.§ \\\ .50
E —2 \ ™ \\
~
) Two-dimensional-flow theory \ \ \ 75
o|® \ \
Sl \\\\ — 100
[ 125
150
0
-4 -3 -2 -/ 0 ! TNACA 2
M2E-/
(t7c)e3

Figure 6.~Cross plot of the faired curves for the generalized angle of attack at
zero Ilift for NACA 63AXXX airfoils with a=0.8 mean line.




23

NACA RM A53G31

17

o

19qUINU YIDW Yiim 8d0JS 8AINI-[41] fO UOIJDIIDA 3y[~Y 84nbiy

W ‘roqunu yoou
9"

g

7

17 ol 6’

g

2z

VIOVN

0o

a0’

o

90’

/]

N

80’

|

pELO Iy ‘90bVE9

_

or

£€C°0 1Y ‘pOZ

ve9
[

ar

o

L—T"

a0

0"

g1

90

80°

1

_

£€C°0 Iy ‘80bVE9

or

er

222 0 Iy ‘902ve9

_

_

a0’

»o°

80"

or

er

eo’

»0°

80’

&0°

or

ar

. OsPy D,
bep 10d '’ (,gp&}'adws 8A4n2-4417



e

(1/c)"- :ac .o+ PEr radian

C(’ NACA RM AS3G31
h/t, o hst, 0222 hst, 0333 h/t, 0444
(Ref. 2)
Lifting-line th
L~ ;Wx:sin;:r} “;{>” - | a/) ME-/

e

, =4
{,/c}t/.!

Figure 8.- Correlation of the generalized lift-curve s/ope.

cogii |

i pd
7 4 v 7
/ y, /
////, A//// /,v/// ﬂ//// '
A y 7 / M2/
// A j// // i
/ / v Eg T
/ Py
634206 634204 634408 634406
84 4 > A4 VA4 > A, 4
A [ 3 4 3 | 3
B 2 4 2 9 2 9 2
/ a [5 e /5 a /5
A [ 7 ] ) / o 1w ° /7
P e// : ,6 E//
/” // L // ML,
” (tre)*”’
// KJ/ /f/ ;(/
/ V, [
|
/ 2 o / 2
7] / 2 7] / 2
Altre)?
(a) {7%;//3 , -4, -3 and -2




{I/c}”’(;%.’m, per radian

NACA RM A53G31 c' 25

h/t, 0 h/t, 0.222 h/t, 0333 h/t, 0.444
3 (ReY. 2)
Litting-line 1h
p Ilw:/'::i:r':ar’l “’y>» e A
2 pZ P v a4 7t
,// A // 4 M‘-/
4 4 4 (,/c}:/.v =15
/ // 2 r/ -
v ‘ va 7
/ f A f
0
K1
// A / V4l
Yy / 4 ’ s/
2 Vil ’ L ),
7/ 7’
/// // / 2_
4 - y 2/8? -/
/ / ‘ / (t/c)
/ /l, K ' f{
/ y, £ p,
(7]
3
6;344206' 6»3‘;’204 6314048 6;344406'
/ |4 Q s o} ﬂ'"
// 4 Jp S e 4 o | 2 4 Yy
2 // / /f
4
)4 M2
/ ' { / (t7c)*’ 05
/ // o
/ /[ | 4
“.NAC e
0 [ AI
o / 2 0 / 2
(7] / 2 o / 2
A(f/c}”’

w (/c}”-’ , =15,-1, and -0.5
Figure 8.- Continued.

co’



26

(t/c)" "(—ﬁof"a_a, per radian

h/t, 0

-

NACA RM A53G31

Figure 8.-Concluded.

CO-_L

) hst, 0222 hst, 0333 h/t, 0444
(Ref 2) . - . . —
/ Lifting-line or / / /
’ slender-wing // /
theory. 7 g |
7/
1// /A / /v /
—— // 7, Y, 4
4
p. 4 y Y4 M2-/ 0
/ (f e }2/3 ’
/ y A
A £ / /4
//‘ S/andor-wingAg; [ / /
/// | theory \// / /
/, 1 (ref. /14) T—;;—** - // T o
/ L / A / 1/V // /
Il / //)/ Q/ Ml_/
/A /A / / y 0 5
/ {, e, /l/.!
1 / i .// 4
4 / 7 4
/ / { /
4 3 v T 4
. - 634204 634408 634406
ooy CEY vET VES 4,4 |
(ref.14)7 & 2 5 2 a9 2 a 2
/ o [5 D /5 a /L5
/ ® / ) /[ o / A [ /I
7 7 5 o T A 7 py,
// / // I A / M ;//’ L/
/ / / / (1)
v/
/ﬂ
/ % Vi
, / , ;
/ A
|
/ 2 o / 2
0 / 2 o / 2
Al1e)”?
2.
() ”ZTL, ,0,05, and |




2T

NACA RM A53G31

Ul UDOW QO=D Y{IM
§/104410 XXXVES VIVN 404 8d0IS 9A1n2-141) paZI/D19uab 8y} 104 S9ALINI P3LID) 8y} 40 toid sS04 -6 84nbl<

gl V)
I/-z2
/ (4] /- a- £- -/ /- - £- b-
l 0
P )
Gz -4
L 06" —08"
L o01=—— | _ -001T]
H{ i 061 — — \\Qw \\ g D
~_ (V)Y sV S
S
bbb O ‘1Y 2220 I m._/w
£33 o
@ (@]
N °3
74 s N
e S
0s 0§ S
G o / 3
| I e I
— e ——
y [——
r” mNQ_W‘\\ Pe—— MN.\_\ \\
— (Vv | __os1T é
ey
£EC0 WY & (C #3&) O Iy



o8 NACA RM A53G31
'5 ,I Cd ”
&y
g
4 2 -
- é,l "I
3 oy 140
E/
2
— G, for
; (L/D)pox
A4
o
-5 L’/ L”’
106, 1 7
4 72 ’.0 -7
. 4l L0
3 Pl vk
. ”,'
2
A
A3
o
) ~ —
/r ,” "4
4 i /’
o o
& . o o
3 ~ T b L . 1,08 .
. ST -7, p ) e 110
Pid JRY R4l ’¢> ﬁ 4
2 / l_r’, < <>’ /’ /| /
. / //V ’,r/ /o/ 3 7 - 4
y ol v : d
Ké- fo ’ ,D}{/ Az
0 . 8 q A
* 4 247 Fm I PR RIS e I S o {"’9’{
/ e ;95| .4 94" 98" 102 106 | L06] .-
3 T VLI Tt f e 4107
775 ," ,/' oa’ ’6’ ’4’0 L~ LRI
-7 .’ - Y . . - - -’ Pad
/ ‘0/7 0 z ’<> P -2 ad il il Pl DR 4
2 y M08 AV > Ul S
/ ’la" e j’ 7 . ’0' ’/O' L // e P }r /
/ / s f '4 fo/ 4 o
p > T
§ o A, 15
0 X E] =L“- M /g JPJ Ad | ’
4 - = - = - — T
. - P PSS S 5 Py
| // I 6 L ’75 el 0'85 J’ 994 ;8 /t;z' -
3 o i o 2L Lo AL 52067, 0T
- ‘O’J,/‘A’/: ”:,v”'_,@",,ﬂ:/"0_,—”,0"’_' L ,H"— L1100
2 o a4 F T 0"
//'f0’ "A”'fﬂ’ "’1;”6 ﬂ’ 3/’ ’d J" ( """ﬂ"‘
Y P e Vo et Pl el (O o M,/“_ ] -4
0 Fot /2! T Al
o .04 .08 J2 .16 Drag coefficient, Cp TNACA T
| | | | | | | | | | 1 |
Dol 0 9 9 0 ¢ ¢ 0 GG g0

forMof 06 .7 .75 .8 85 .9 .94 .98 [o2 [o6 (08 |10

(a) NACA 63A206 section.

Figure /0.~ The variation of drag coefficient with the square of the Iift
coefficient.




NACA RM A53G31 c-

N
L7 /7 o ,I 7 Ve 7 7 [~
c‘ll,_/ ’/ ,d ’I S . j 9 .)9‘ Qé J',' /, ,/ L
A i s — ’—92 ! 08— L2
wos /| A1/ A 4] o VB A I P Y
3 / Vot A Y, I/ S v Y-, ,J,' V110
// ﬂ" ,}5 IF ﬁ, "d K ITX /
2 a8 RN 9.4 $
o B v o g G for
-/ (L/o."
0 A4
.5 —
b 1 Pid
4 27l 4t 2
of 4 17
.3 [,aé 'l,
Y 110
2 »
J
0 4,3
N3 '
o )
4 o S L
& Lo 106 X b
3 e '/.08 Pid
’ 110~
2 r‘ /U'
. »
N, -4
A2
(7]
4 .
02" 106 " 1"
3 ey
T
2 i
J . ‘
X A L5
(7]
4 .
T T I R T T T o >
/ “d’ —’—i’ 'f" :51”' 9‘ 0194’ >’ }A '/ET’A‘T
3 LM, 06 Ly ler " et e | o987 LB " 108" .-
e e T 1o e o o T 106 17 [0
2 /a,d’ ”’ﬁ/" ,—'T",f 'ﬁ"' ”d:’, VO/”//B" _44’/;0/
ro’ - LT I BRI o7 < 4 ~ 7 (‘ >
ol A - . p - . " . o i ‘or
/ &L 1—V ,,‘q . %,/ s /Mﬁﬁj/v‘/v
0 g Ay Tty Al

o .04 .08 d2 /6 Drag coefficient, Gp
| [} | | | | | f | | [} |
Cp of ? 7 q ? o 0 0 0 0 0 0 0o

| | ! i | | | |
forMof 06 .7 .75 .8 .85 .9 .94 .98 102 |06 108 IO

) NACA 634204 section.
Figure 10.-Continued.



30 C-L NACA RM A53G31

’ 4 7 7 - 7 7
[ / / / ’ P . 3 , , A
y 4 7 O’ Vd
cLz// o I’ /’ ] 8, QL’ © ﬁ 94’D d A /" /’
B |7

I,, 7, '175 V’ /’ / v .98 /6 lﬁI ,A" e
' , | 5 ,
i . N P , s VAR )T S D -
7
A

. 108
4 / ?4 S e |

L N
~

o
e
5o
aQY)\
AN
s
R

6 I / X 4Vid ’;/ ”7 ,” - ’/) o,’T ,Q” %:jﬁﬁ
7 . ” R - - S . .
5 4” .’ - I 4’0 9¢_‘£U__.94‘ ’/.9‘? ’02 | ]
/ o A Pio] ez’ .8. L 74 e .06
, ’ 4 2 Pid e Prd 07 o "
4 / Lo e U752t - | L | o8
o 4 M, 06 ¢ Vi . 4 7 LT e P 7 ]
S (N C- S P A o P R A % A e
/ r e s ’ ’ s i | o A ’ y
Pl z . . - LA 7. - td rd
3 / 4 Pid P ® 3 o) ol '70 } 4 P 7
L4 /g ’.D P R R /« f R L ’.'D a” ,,U
2 // ,/ 1,/ 1 v, Pid /[:/ Ve d)/ _/ / /
d /[ﬁ 16 /
/A AC P b e 4 o |
i,

Q

.5 P - LAt d - > rLd Ld
/= T 4 i Pl 1-.94 . 98~ | o
Pt o o oA et __,..9 o~ 3 L02”
4 v Mo6 | .77 75 8T 17 Lo LT 177 106”2
“ A 2l N - - ’,O/ Prae e 9,/ r 4 ’,0’ = o
3 ’/ L0 - ’fﬂrz, Ay P el L1 -1 4/0/?0 -
. - P P P Prd Nogd - Pid P " L A
/,c" P - g P At e At RS o P P g o
2 /c il Pl IY Sl A I N o’ JO:O ' U/’u/d/' .’
¢ A -7 . L e 2 4 A" LT LT L Lo
.,’ L - v O/ - -’—/Y - -
, X A . , /Cr/o/ A A
. / = [T . & 3 5 a4/

S WACA

o .04 .08 12 .16 DOrag coefficient, Cp ~NACA ~
| | | | | | | | 1
%org ¢ 0

| |
°© 9 ¢ ¢ 489 q
for MofO6 .7 .75 85 .9 .94 .98 [o2 |06 /08 lI10

(c) NACA 634408 section.
Figure /0.-Continued,




NACA RM A53G31l

—~ 557

72

/

h oW b

b

N WA o

~
o o

L

4
410
4

2
N WA o

~

N W Ao

~

v

[N R N

17
o

|
Gp Of?
for M of 0.6

|
7
7 .7

|

o

! |
5

A
o

.04

o8 q2 .16 Drag coefficient, Cp
A Y I L R R I |
2¢¢¢¢¢ 90
85 .9 .94 .98 /02 lo6 lo8 LI0
(d) NACA 634406 section.

Figure 10.-Concluded.



NACA RM A53G31

"JQQUINY YIDW YlIM JUBII44809 boiap jd8248)ul o u0IDI410A 8Y L -]/ esnb1
W ‘19qunu Yool

ay <yuerary 909 bosp jdessequy

6 A Ve Q.Q 'l o’ 6 &’ Z’ 9’
TR
10’
\\ —
974 aya
L / \\ €0’ \\ \
4 i
V4 o’ \ \
so
(\N\ \\
0’
pE50 Iy ‘IOLVEY T~ .v\\ £EE0 /Y '80bVES
| _ _ 20 _ | _
T (4]
10’
e \\
g0’ \Q\\\
/
</
I
g0’ oz
| I \ o, .
£EC0 17y ‘b02VE9 — 2220 /4 ‘902 VE9
_ _ _ por Tt _ _ |

32




NACA RM A53G31 c<- 33

04

.03

(Coips)M-0.70
N

t/e
prmmm—— 0.08
— | 006

ol ,//"':_5 0.04__|

]
0
) o .0l . .02 .03
Camber ratio, h/c

Figure (2.~ The variation of the svbcritical-intercept-drag caefﬂclenf
Cojpy 01 O.70 Mach number, with camber-to-chord ratio.




3y c‘ NACA RM A53G31

h/t, 0 hst, 0222 hst, 0.333 hs/t, 0444
3 (Ret'z) - e
>

£ 1 ' T ¥ g s ML _
) ] o I i 2l A - e )’ -

= = prai T
N i 225 S
3 > A >

/// A /// 4 A L

2 s ){/ % '/// p L~ ,

-~ ’ 4 P ME2-/
, % ’ )3/, 7 ’g s )% ok 05

N W A Q

[

J
R
i

)

\

A

P

)
\\
\

- ~Z- _F -+
I// 7 e -~
M2-/
Z

‘ o
7 2/3 ?

/// /// 3{/ / // (’/C}

d . //

~
S
N
N
R

( Cpp//ﬂ
(1e)*”?

(TN
B
|
|
]

k
41+ 1 N /1
o
\ : i /VV v /
3 AT AT o T 7/_ T ML o
21— b i yd e (17c)*?' ™
17 x 5 7 7 ]
//A‘ % 1 /
A wen 7 N B T 7/
|
0 | \ | .
Sr - - R
i I i
4 : — 4 =
! — A
\ 2 v / \
3 - o pp— = a - ———
2 // // ,/ ) // {f/c)t/’ »
4/ 4 634206 634204 634408 634406
y / a4 4 > A, 4 v A4 /4 44,4
/ L | v '3 a’’3
7 7 B 2 Vid (%] 2 q 2 7 a 2
6 L5 D L5 a /5
0 (o] / Lo) / © / o] /

Altre)®
Figure 13.- Correlation of the géneralized intercept pressuré-drag coefficient.

&




35

NACA RM A53G31l

BUI) UDSW G°O=D YiIMm S[10441D XXX VES WOVN 4104 {U812144902
boip-sinssasd 4d22484u; pazijp1ousb Sy 4104 S9AINI P31104 3yt 4o joyd $S01D -y 84nb1o4

M\N\Q\\\
-z W
ol [~ (4] g- 0/- §g/- 02- g2- 01 & 0 s- 0/- §71- o2~ ¢z-
# —T= \nnmmm“ o
_ \\\\\M\H\n\\ g L
‘hN \\ \\\\\\ IQN
7 7
/| \\ il _og+—
—0¢" ;
97 e
—c2" . —=521557 £
‘ocq\ \ el Vv
—drr] v
enl2v bE0 Iy 2220 iy ~
| P W
ﬁn.a )
0 Jdl¥
|3
_— T
“th\\ . i > ‘MNX\\\\\\\ T /
VA ] \ \ wouofesios
o5t | \ g7 —o¢ &
= A4 )X e 4
o ——
L — G4 B \\ 621557
,‘QQ.\.MQ‘Q \ ey £
n\\\u\\\q 4
B £££0 Ly (273%) 0 ‘¢
s




NACA RM A53G31

36

JOQUINY YIOW Ylim 1919WDIDd [11]-04-8Np-6DIp Y] O UOIJDIIDA 3Y[ ~'G[ 81nDIo
W ‘4equnu yoou

¥ o/ - N Z m.e Il o 6 8 z°
1
%
S— !
| a1 BB
p =T - s ) \\\‘\\\\.\““
=T — i
\ M.. \\.\ h
4 ! \\
i 4 v .
pEEO 1Y '90bVE9 £££°0 1y ‘bogre9
¢
0
\\\ A
.\\ 2 NII\“\
P s1— T |
S -
v . , T
b4 e el
£££°0 Iy ‘80bYE9 v 222°0 174 ‘902VE9
¢




i

37

NACA RM A53G31

-

M.I

b~

,esall)

I-aW

. er2(t)
1-aW

~»\N\“\\\
I-aN

JUBIDIJ1905 141]-04-8np-bDIp pazZijoi8udb oy} 0 U01}D]8140D~"9f 84nbid

« §73(9/4)

2- puo ‘g~ ‘p- T-aH ()
en(o/0)v
4 / e / o
TN 0 e /
V.th//pf , Illl////r - Uh///
oo~ W oo~ N S ~< Ny N //,
§1 D N\ /e §1 a . fv §1 © N / // /
-4 (o 4 a y 4 Q
£ P N £ 4 2 W/ v £ N NN \ \
bV > \\ {\ |#pvae eva / \Vlevw \| \ /
90sYE9 \ |\ [|posves sosves / \ |9ozves \ \
1 1 N AW
sy B ---,Lﬁa,, S
- . 4o <4<
2 < Sy — s
P Ap M BfA. I~ X II// /1
~ ~ ~ ~ \ ~ N
// \ N\, // A N /’
AN AN N \ X
\ \ A \ Y \
R N 4 A\ \
o= S --{ﬁ/ ..... 5"
T R3S — T
P~ Aﬂ P : P~ I.,ﬂ Tl/l.l Z
N N, T T~ % ™ //
// \ // 3 // \ \J./
\ \ \ '
\| \ // \ \ ! 27 %p ///
1 1 AL i
ot o e (2 '494)
Ly 0 17y E£CEO 7Y 2220 /Y 0y

o’

o 9

Q ©
N )

o 2

o7

g7

sn-(%/4)

29

L4



NACA RM A53G31

‘38

panuijuon—'9/ ainbry

ern-{/4)

20
9dop
C

N
~

R
~

Q

At €, _¢ .I~M\N\b\\\
co-"‘puo’l-‘gr TR (q9)
enl270y
4 / (4] 4 / 0
TR 2 / 0 Z
Y I//// Ill///
;N A% N
eyl |10 /// 2! /0 //ﬂ/G,
SO-""15m |S1 © /» §7 O© AN
2 AEA z q \
£ B N % £ N
vV D o VY
90VE9 \ 902vE9
g A N—_~0 2 1~
~ ~ ~ N ~—~ N
/- s2al3/4) N N oK \ /J_/ﬂ
AN \ AN N\
N \ N \
/ \ \ \
,, ,_ /
N \ ,
IIIIW.IIIIII Illlmllllll
/ | N
o vl t) N ~J )
/-aW / N
\ \ AN \
AN \ N \ N\
/ /_ / /
N / \
bEPO 17y £€c0’iry 22204




39

NACA RM A53G31

/e cral2/4)
I1-aV

o o 52()
50 I-aW

sral3/4)
-z

Qn

papnjouo9 -9l 8inbiy

o7y

tpom 0 ¢ £73(2/4)
1pup G0 ‘0 * ET—LE (9)
enlo70)v
Z / o
o Z /
== - ———
1
/,
/ ['
. S \
\ ,M N ,//
e,. »V T //
\  |9ozve9 \
1 1
Tmm——— ! T 'III == —— l"’l"l
ﬁ V’ ////V r ///l ,// J//
i o = \ = //
/ N 1) N I A
R ~ ﬁ .ﬂaﬂa,/ BN
NI NIAN Mu, NN
N[ VE:) \ N\
W \ \ \ \
A [ Y \
vz _q
"’/I = — —— — l"’l// NQQ o2V
V’/ ,//v I// l//\
R S TS
N\ / \ 0 \
AN \_ NV
AV O v / /
\ \ 2%y \
\ \ 4 [N
bHH0 I/Y EEE0INY 222014 (2 #24)

o

s

R

o7

s

en-(/4)

29
%y



NACA RM A53G31

L0

‘9UI] UDBW QO =D YIIM S[10411D
XXXVED VOVN 104 JU1214180 }41]-04-9np-D0Ip pazZI0I9udb dyj 104 S8AIND PaIID) 3Y] J0 }0[d §5019 -L] asnb1o

gz2(Y)
/-2
/ (4] /- a- £- -/ 0 /- - £- r-
A (4
\\\“& lsgins 061
e — 24 \\\\1 00!~ &
— | 05" ——— -
— (/1) os
€1 e — enl()v
ol
pE50 ‘I 2220 Iy N
oy &
s <
0o
73_@
&\\\\h\\\\\\\\\ OSlsz7 = 05T
—— — ¢
E— ;
| m.\\\.o\\\v‘ | 0¢
el YV
o/
£e0 WY (2 #84) 0 ‘I/Y
s/




NACA RM
-12
-08
-.04

0
-12
o
L]
L]
§ -.08
*N
Q
S -.04
Q
.
Q
K 0
)
S -/6
o
\
~
« /2
Q
A
s
3 —08
<
3
o -.04
Ao
[
@
S o
§
o =20
S
S
& -~/6
~12
-.08
-.04
o

l [ I
; b/t 0.
634206; h/t,0.222 . 0\
_—T ;////\ ———
7
l I | a_]
634204; h/t,0.333 & TN
P a
)
- /
%é’ 25 :
— 1 =
| ———— 7 =t
| | I R
63A408; h/t, 0.333 / 4
,/ g = v\.\‘
o
// "
—/
L
| !
63A4406; h/t, 0.444 :
A ,//-/>\\
A
37 /_%\
B
——T—1 L -~
___// 15’/ e
;7
;-
:NACA;
.6 .7 .8 .9 1.0 Ll

Mach number, M

Figure 18.—The variation of pitching-moment coefficient
for zero Iift with Mach number.

L1



b2 c‘ NACA RM A53G31

-3
-2
A — 7 ,ﬁﬂ
L4 a
iy fo il 4 8 o 634206
B . > > 54,4
/ M-/ , ’ _ N 3
/ T / -3 7 2
/ (t7c) 4 / D 2
0o o 15
© /
-3 T & 634204
N A~ v > > 4,4
5 g < v 4 3
32 i3 0 2
.,Q_ . ;5; D /5
N [o] /
QS -/ i
RIS 7 7 634408
=& / / A 4
= / y / -0.5 v A4,
7 / AN 2
o o) /
634406
-3 q A4
4 3
Q :u-ji-b \q. a p
-2 > 2 . =t a L5
it By AT
= 7 /l
/ mz-/ /
/ ) / 0.5 / /
/ AT / /
0 1
o / 2 o / 2
o / 2
A(t/c)'”?

Figure /9.- Correlation of the generalized pitching-moment coefficient for zero
angle of attack.

-4
S -3
] /—s
~ L
£ Alt/c)*
QQ' -2 .50 ﬁ%; —
e A [ ———]
BN et 1" " _ 75 —
g é )/j__// 50//
T~ -/ | e,
2s54+—T |
o L |
-4 -3 -2 -/ o / 2
M2/
(%/2/3

Figure 20.-Cross plot of the faired curves for the generalized pitching-moment

coefficient at zero angle of attack for NACA 63AXXX airfoils with a=0.8
mean /line.




NACA RM A53G3l

-3
L 2
_2 =
. A &1V ({3
-/ p S
ME-/ -
e (1/c)37° / I
(/]
-3
A N 23
° 4 < v Mq v
. qQ &Y ;f
K £ L & L
" ~ =
3 : '
$le y M2/ / / / 0.5
~ — - - -
7/ /c)*’ / /
0 (1/c) ,
-3
<
-2 D%-‘MT 72 L4 R A
LA
4 7
l/ _M'_'I Il 0.5 /’ /
/ (177 * / ' /
0 1
o / 2 (7} / 2
(7] / 2
Aftze)'”?

-4
o -3
\G‘ A{’/C/I/" / | e}
§ 2 150725750 =]
Q\ ﬁ/7 I
S b——-—“g |50
N £ < -
~ 25T
NACA
0 :
-4 -3 -2 -/ o / 2
M2-/
(,/C/Z/J

43

Figure 2/ — Correlation of the generalized pitching-moment coefficient for zero /ift.

Figure 22~Cross plot of the faired curves for the generalized pitching-moment

L

coefficient at zero Iift for NACA 63AXXX airfoils with a=0.8 mean line.



‘0=0 13qQUINU YIOW Yiim 2doJs aAInI-juswow-bulyafid Jo uoljDliDA dYl-E2 asnbil4

W dequnu yoou
6’ g’ A g Il ol 6 8’ Z

©

NACA RM A53G31

e
%&
- /// N.l
P RN
/ \ /- T« //
AN //// \II"F“I 0 —— // S
’ A T ) /
/D — T e, / {\\\\ I
T —— ./I
— iy et S,
-
LEb0 LY ‘80LVEI £££0 7Y ‘bOZVE9 L
P
£-
™S "
N ¢ R
3J
N\ . NN
S e ///
0 NN
AN N — ] ~.. / I ——
/ll\ ey \. V4 / /{\\ \\l ]
"1
\\\.\\\I\\\.\ll N /I\\ |
/ \ N. q
£EE0 I/Y ‘808VEY 2220 ‘I/4 ‘902VE9
pe

bl

4no-quowow-buryalld

L LT I S N
| 1 ' ' " "’
C

~
x
o'"(ﬁz)—:') ‘edols aA

m N N o




NACA RM A53G31 ct- 45

l){él’,f gJ h/t, 0222 hst, 0333 h/t, 0444
3 [ 634206 634204 634408 634406
2 \ 84 ¢ P4 e VA4 744
' ' s 5 8 &5° ¢ a | M
/ o / © / o / [] / (,/c}l/.!’
. N a N
o T =
J
., N\ \ \ )
Y, . - h\ﬂ\ t/c)*?
§ o ' '
%I% 0 TN g
g 3
3 \ N\
; o \ \ \{ \ L‘:L,.z
S / \ R X i /c)*?
3 ~ ] N A% S
\é 0 \ ™ "~ v i
[
g 3
& N N N
g - < 5
.§ / \\ Ra x‘\kx \°§w Ml s
3 N N 2 IS
0 = !
=/
J
.2 \0 0O
\e Q@ \
AN N, o g L=
\ \\ A\ N tc)?’
0 \ﬁ \\ v \\
> [
-/ ~
o / 2 0 / 2 'vw
0 / 2 (7] / 2
Alti)”*

2.
@ /fZ}—”/’ ,=4,~3,-2,~15, and -/

Figure 24.~ Correlation of pitching-moment-curve slope. # =0.
.

L



L6

dCrm
' G,

Pitching-moment curve slope

NACA RM A53G31

Figure 24.— Concluded.

=5

h/t, O hst, 0.222 hst, 0333 h/f, 0444
(Ref 2)
. _—
\ 4 N \ [ \
\ \\ . \l o .
v M2-/
\ \ \\ i
\ N, R
_— s ’\\7 \21
N\ o N N\
©
\ N X N
\Q \ —

\ N LR v,
TS oS TN
Nl N -

| V N
N\ \
\ \ X \
\ \ \ N
N AV AV BN
o)
N \° \\¢
v \'4
63420 634204 634408 634406
\ RN BN i4f
B 2 5 2 a 2 a 2
\ \0 e f \ B /5 a /s
ey o| o / o / [ /
\
\ N \\ \ M2/ /
\ K \ (1)’
. % \
\ \D Nt
i 5 S
/ 2 / 2 v‘w
(7] / 0 / 2
Altrec)®
w) ML .05005and1
(/)33 + 5G9




W

i
o
©
0
<
3
=

‘QUI| UDBW Q0 =D YlIM

§/104410 XXXVES VOVN 404 8dojs oaind-juawow -burysyid 104 s8A1n5 pasin ayy 4o jojd $s019~GZ 84nbly

0= 1

es2(9/1)
% /- N\Q
/ (4] /- - £~ ?- ) / o /- - £- b~
T, £ T, £-
v O /Y ee20 i/y
)ly/ 2- a-
P— 'I/
—
/ // /4 /- // / < .
/ o ,_oov\WD\. —— / ﬁ.anvv,m,.\.
o, AN\ 0 %, SN o
T = N —— | <. \/ W
9% | / T ~oe. N Lt /- .M
0
eV | e — g m
3
e
£ £ m
. .=
P £ 1z %) £-o
£EE0 Iy X “
z- > z-3
// / Fo'n..\. /- "// “.Qh.\l /- m’J
'\ ﬁ.ﬂv\. <, 3
/ 00. // — /00. / ”
< ———— S N~
Og. "] / o¢ — /
e VIV s m l Y44 P-4
£ £




NACA RM A53G31

48

‘panuijuoy -2 84nbji4
1= 4 “1q)
£s2(Y4)
/-0
/ o /- - £- - / (2] /- - £- - .
| T, £- T, £
R bpEt0 ‘Iry 2220 17y
[ N.I N.I
= - = -
— = .OV.O .
h\@:ﬁ%.\%.\ P — b\o\% %
Qha.llﬂ/ 19 IM 0 el
| IQ.Q./ D S
s§zo ] 3
L ealzily / szo /9
ey M
z z 3
D
>
£ £ 2
~
. s
T T, £ 72 338 £,
£€80 /Y oy 3
z- Z-3
—_ ﬂ.? /- m.//ﬂ/l /= WW
Ih.&./ 00\ \/\ Q
‘4'° K = Q 'aﬂ:\. N Q -InJ
I R= — _ e
$2°0 p o )
enl7iv Ihwm.clll\
2 (V1w z
£ £

Co




49

‘pepniouon -'G2 8.nbiy
- () «
g« 19

)

~

N

nom

o

.
X
TopsUop ‘edoss 8AInI-Juswow-buryayily

Qo

gs2(V?)
“ lNum
/ o I z- £- b~/ 0 /- z-
R~ 1 £= T
poro ‘I7Y 2220 I’y
a- 521 =06
081 827 8§~
007 /- [~
o¢ 109"
re20 //
cnlo7i)v o |ILﬁIhN_.Q
. snlo/idv
/
z
&
T, £= (2 729)
£E£E0 ‘try o1y
a2~ —= |
—_— e =
057/ - T 04
og L £ S/ // [ £
o) - - o] ~
4 o —— © == —
mua enlo/ilv l._ow.u
Q@ l enl271)y
5 d
=
e




‘aul] uosw

—~
o
S GO0 YHM SII04ID XXXVEY VOUN 40 94D} 131]J0-18jU80 8Yj 40§ $914n2 paiIDj 84} 40 40/d $S019~9Z 2inb)4
0"\
< %
2 0 ‘% (9)
<
2 gs2(9/4)
= J-2 W
/ 0 / - £ - / (4] /- - £- -
1 0 0
VR
lgz—— — / s+ /
\ILI/ ———
\ — i P
o T |05 ] T
08 T — PO — [ 2
\I”.’ N =
T ; e g \ gl & 4\\‘— —
e PV £ = 080", £
PR \ \ (Vv o
L \oo oe/ 6\ ] \ | ©
— \ O~ eataray e — | # 3
U \ vvv.o_ Wy _wmw.o_ Wy .
_ : Y
s G 2
) 0 :N.
~
e — , T .3
. \\\l///.’ .\Qm — 2
nd ¢\\ = T e 7
10T 5\ £ — o' £
\ \\W@\O g\b\\\q \.\v\ n\x\ﬂ\s\v‘
. 'I\\ =] .
e = 4 (2795) b
———— £€€°0 I/ 0y
| | ¢ i P

Q
[T

C




51

PpanuNuoD—-9z 34nbi4

%
/5t (9)

es2(Vt)
/-aW
/ (4] /- - £- &- / 0 /- -

-~

\@.v oo._ﬂ ._\\\.J"”
pd \g\rm

i — 77 Tentriv

2220 ‘iry

10 19,u89

c

c

) 4421

o
/
z
£
1 4
s
o
/
c
£
4
s

n %Y ™M Ny N o9 ¥ MmNy N o

NACA RM A53G31



NACA RM A53G31

'papnjouon--9g ainbio

N

ol

%
Z ot (9)
es2l/t)
-2/
/- 2- £- -/ 0 /- 2-
_ 0
R ]
¢z —~— | A ———F s S —
\\ ¢ rcm.\\\\\ —
IA——— |\\
: &\ £ o & —
enl/iv l\\ . . o&\o %14
b \ “
bEE0 ‘7Y 2220 ‘74
L ¢ L |
0
. 1 — ¢ — N L
| e —— \ i
P — gl \\“\
%wom_ (vl £ 1 Too._ ..\om..\
&/ e ﬁ P
enl/iv
| . =T
B (2 $3%)
£€€0 ‘I7Y oty
L P #

52

"

N

! Q n
V) ‘4411 10 184u39

~




53

NACA RM A53G31

18qUINY YI04 yiim 01404 BDIP-}41) WNWIXDW JO UOIJDIIDA 8Y —42 84nb14
'SU0II29S XXOVE9 VIVN (D)
W ‘1equnu yoow

o7 6 &’ 2 /7 o7 6 &’ Z’
4 o
4 2y
— =T e
.”'l/"_.',l, — gz = T “ l’lll'l'lll”// h
i Sl P —_ e L. TCT r//
e S \ll Q\ — - - /l - /l]» /, - Q
e RS ~ ~—L =~ /
- ok N e
- . <>
—.
S/ ] 5/
oc oc W
o o m
g1’y ey S
s ¢ =
T~ e >
[~ L N~ _’
/c-.llllrhl.n/l’l.nlq"\l, o/ ~- o/ 3
T vl/ /./ll ”
~ ]
S/ ~ ¢s 3
It
&
o¢ 02 ~
200 --——-e— N
(73~
#$00 — - - S
900 =—mmmcmmnn P4 m
800 — —m—o — —~——T I
o10V59 L IT~<L /./
T~ S
~ ~N
< C // o/
~ ./I..III /lll
l‘!/l“ lP‘Ilv h\
/ll ,”l
Ill
oz



PONUNUOY ~ 42 84nbl
‘SU0H29S X XZVEI VOVN (Q)
W ‘dequnl Yoo

NACA RM A53G31

54

- Va
0
4
o
o= T e O/
\.‘ll‘l
ll\ll\\l
s/
o2
o
s ‘v
S
<o o/
i e s
/Il!l\\s QN
o4
208 —--—-- —
02 -—-—- —
9028 ——-————-—-
802 — ——
ol1Zve9

s/

o
SR Y

©

)
~

& Q
¥0Utg,7) ‘o104 60ip-}41] wnwixopy

Qo

©

o/

s/

oz




55

‘papnIauoy -42 84nbiy
SU0Ij9s XY XEVE VIVN (9)
W “48qwnu yoop
11 0/ 6 g o ! o7 6 g <z

} —) —
~ / h« S e e
- ~ - F—
—f— ——— ~I~1
== Illl —~— -~ -~
I - II" ——— [o - l/ S /l
—— — Tmeemm e o B e C—
- = e IS - ]
=S e ni o <~ ~=
-~ o p—— ~ = — B s —
I D A N Se /Ill ollnl’ﬂ'l”’l
—
- ey Gmm—
I"
—
7 i
/

oz
o

NACA RM A53G31

- h - oy
P R A B E— Eaey — T o ey -
lll'l’ljlll/// ,l”"hll
IR A o W, - S
II ™ = m— 'III / //
~ o/ <
e p N IR L, et e T -
- . Illlll
- e e—— —
—|.
e &
Oc
NQ‘ —an e— - —
Ao ’ Y
80y ————- — s 1
—t—— lllqu
or16ve9 Illl Illl /
Il Sea ™

- T N
I/ . 111/7
-, P —
/ - ~ /l,l
/IV [~
 —

2 2 o

o
°

2 2 o

© &
X0%as7) ‘01401 boap-441) wnwixow

? Q w®

S




56 co‘ NACA RM A53G31
'
15 c
) 0.10
g—— .08
: A A Q=== .06
50— Ae—ec—e—-— 04
B e =+ e 0
. 4,4 .02
3
£
s
&
i—'\? 15 15
E\ - /_-ﬂ—B- » \“
s /0 IOﬁ T~
o ot T—a
S A
Or——0 O——
S s 5 =0
£ A, 3 4,15
§ o o
X /5 I5
O
: -~
-
\\B -\'\ﬁ
A, 2 Al
0
0 5 10 15 10 L5

Camber-to-thickness ratio, ,ﬁ

NACA

Figure 28.—The variation of maximum lift-drag ratio with camber-to-thickness ratio

at M=/




57

NACA RM A53G31l

Q

48quUINU YD YiM 014D1 DDIP-}Jl WNWIXDUW 10} JUBIII4JI0I []] JO UOHDIIDA 8y~ 62 9Inb ”

W “equnu yoow

o7 6 Py 2, n o7 . . S,
7
- et eV
llllv”nlln“\n\ Y.hl’“ll.ﬁ“lm_lill.m\n
el g
P e g
sy
P o cm— . o ovm—— I“llll““LFnlﬂ!lll!IIlll“lll"
~d--
I I v
T 427
b e & L \\
S I g “\
N
9 9
‘ o (/]
[}
£v £V £y
¢ - g _ ]
B sy gt === o
s \\n\\n\\\\\\\ — .\
l/l \\\I‘ ‘ — = ‘
N . L~ g
9 9
¢ 0 . (7]
i Y A
d . e S e =
— P B \\H\\\H\\l.l - S I By \\\ \\
P - Py — e ’ -l . ’ “
It’l S S 'l'lllll'll||\\\\ v 4
ﬁnn: -2 % = | T P T 1+ 200 —--—
T —— .~ 908 T 9 e~ | MNW . o——— 9 N P00 o
wwhwm...wl R 802 e WN% R
o139 — orovey
8 &
- » 3 13

do )
U yusraiye00 1411 wowsdp

NACA-Lzngley - 9-28-53 - 325



